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Description 
STRAIN SENSOR 

5 TECHNICAL FIELD 

The present invention relates to a strain sensor for detecting strain caused by 
external forces, such as human weight and vehicle weight, using a strain-detecting 
element provided on a sensor substrate. 

10 BACKGROUND ART 

A conventional strain sensor is disclosed in Japanese Utility Model 
Unexamined Publication No. H5-57605, and is described below with reference to 
drawings. 

Fig. 8 is a perspective view of the conventional strain sensor, and Fig. 9 is a 
15 side sectional view illustrating the conventional strain sensor fixed to its detection 
target. Metal sensor substrate 1 has fixing holes 2 and 3. Strain-detecting element 
4, consisting of a strain gauge, is disposed on the top face of sensor substrate 1. 
Strain-detecting element 4 includes element portion 5, and lead 6 electrically coupled 
to element portion 5 and protruding outward. 
20 The operation of the conventional strain sensor as configured above is 

described next with reference to Fig. 9. A pair of internal threads 7 is provided in 
advance on detection target 8. Sensor substrate 1 is fixed to detection target 8 by 
screwing external threads 9 into internal threads 7 with sensor substrate 1 
therebetween. The inner diameter of fixing holes 2 and 3 is slightly greater than the 
25 outer diameter of internal threads 7. This is to ensure the reliable fixing of sensor 
substrate 1 onto detection target 8, considering variations in the pitch of internal 
threads 7 provided on detection target 8. In this state, when an external force is 
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applied to detection target 8, detection target 8 distorts, and sensor substrate 1 
deforms in response to this distortion. The deformation of sensor substrate 1 is 
output from lead 6 as a change in voltage caused by a change in resistance of 
strain-detecting element 4 provided on the top face of sensor substrate 1. 
5 Accordingly, the external force applied to detection target 8 is detectable. 

However, in the above conventional structure, a twisting force acts on 
external threads 9 when sensor substrate 1 is fixed to detection target 8 by screwing 
external threads 9 into internal threads 7. This twisting force produces internal 
stress in sensor substrate 1. As a result, strain-detecting element 4 distorts, and an 
10 output signal is generated even when no external force is applied to sensor substrate 
1. Consequently, output signals from the strain sensor become inaccurate. 

SUMMARY OF THE INVENTION 

In the strain sensor of the present invention, a fixing member is composed of 
15 an upper washer and a lower washer. By sandwiching and holding a sensor 
substrate with these upper washer and lower washer, the fixing member is fixed onto 
the sensor substrate. A strain-detecting element is disposed on the sensor substrate. 
The strain sensor having this structure is thus fixed onto a detection target by means 
of the fixing member. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of a strain sensor in accordance with an exemplary 
embodiment of the present invention. 

Fig. 2 is a side sectional view of the strain sensor shown in Fig. 1. 
25 Fig. 3 is an exploded perspective view illustrating the state before fixing a 

first fixing member to a sensor substrate in the strain sensor shown in Fig. 1. 



Fig. 4 is a top view of the sensor substrate in the strain sensor shown in Fig. 

1. 

Fig. 5 is a side sectional view illustrating an operation state of the strain 
sensor shown in Fig. 1. 
5 Fig. 6 is a side sectional view of another strain sensor in the exemplary 

embodiment of the present invention. 

Fig. 7 is an exploded perspective view illustrating the state before fixing a 
first fixing member to the sensor substrate in the strain sensor shown in Fig. 6. 
Fig. 8 is a perspective view of a conventional strain sensor. 
10 Fig. 9 is a side sectional view illustrating the state that the conventional strain 

sensor is fixed to a detection target. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a top view of a strain sensor in an exemplary embodiment of the 
15 present invention. Fig. 2 is a side sectional view of the strain sensor, and Fig. 3 is 
an exploded perspective view illustrating the state before fixing a first fixing member 
to a sensor substrate in the strain sensor. Fig. 4 is a top view of the sensor substrate 
in the strain sensor. 

Sensor substrate (hereinafter "substrate") 11 has first fixing hole (hereinafter 
20 "hole") 12 passing through from the top face (first face) to the bottom face (second 
face opposing the first face) at a first-end side. At the approximate center, substrate 
11 also has second fixing hole (hereinafter "hole") 13 passing through from the top 
face to the bottom face. Still more, substrate 11 has detection hole (hereinafter 
"hole") 14 passing through from the top face to the bottom face at the approximate 
25 center between hole 12 and hole 13. Power electrode 15 is disposed at a 
second-end side of substrate 11. Power electrode 15 is electrically coupled to a first 
end of first strain-detecting element (hereinafter "element") 16 and a first end of 



second strain-detecting element (hereinafter "element 5 ') 17 via circuit pattern 18. A 
second end of element 16 is electrically coupled to first output electrode 19. A 
second end of element 17 is electrically coupled to second output electrode 20 and a 
first end of third strain-detecting element 21 (hereinafter "element"). A second end 
5 of element 21 is electrically coupled to GND electrode 22. 

Fourth strain-detecting element (hereinafter "element") 23 is disposed on the 
top face of substrate 11. A first end of element 23 is electrically coupled to the 
second end of element 16 and first output electrode 19. A second end of element 

23 is electrically coupled to GND electrode 22. In this way, elements 16, 17, 21, 
10 and 23; power electrode 15; output electrodes 19 and 20; GND electrode 22; and 

circuit pattern 18 configure a bridge circuit. 

IC 24 is disposed on the top face of substrate 11 at the second-end side. IC 

24 amplifies differential voltage between the voltage of first output electrode 19 and 
that of second output electrode 20, and outputs it outside through connector 25 

15 provided at the second-end side of substrate 11. 

External power electrode 26 is also disposed on the top face of substrate 11 
at the second-end side. External power electrode 26 is electrically coupled to 
power electrode 15. External GND electrode 27 is also disposed on the top face of 
substrate 11, and external GND electrode 27 is electrically coupled to GND electrode 

20 22. 

As shown in Fig. 3, first fixing member (hereinafter "member") 28 is 
composed of first upper washer (hereinafter "washer") 29 made of metal and first 
lower washer (hereinafter "washer") 30 made of metal. Washer 29 contacts the top 
face of substrate 11, and washer 30 contacts the bottom face of substrate 11. Washer 
25 29 includes round contact head 31 touching the top face of substrate 11 and insertion 
part 32 inserted into hole 12 on substrate 11. In the same way as washer 29, washer 
30 also has round contact head 33 touching the bottom face of substrate 11 and 



insertion part 34 inserted into hole 12. Member 28 is fixed onto substrate 11 by 
press-fitting the outer periphery of insertion part 32 of washer 29 into inner periphery 
34Aof insertion part 34 of washer 30. 

Insertion part 34 of washer 30 is inserted into fixing hole 12 with clearance 
5 to hole 12. When the outer periphery of insertion part 32 is press-fitted to the inner 
periphery of insertion part 34 in this state, washer 29 and washer 30 sandwich and 
hold substrate 11 without applying an interned stress to substrate 11. With this 
structure, member 28 is fixed onto substrate 11 without applying an internal stress to 
substrate 11. In addition, there is no chance that member 28 comes off from 
10 substrate 11. 

Second fixing member (hereinafter "member") 35 is also composed of 
second upper washer (hereinafter "washer") 36 made of metal and second lower 
washer (hereinafter "washer") 37 made of metal, same as member 28. Detection 
member (hereinafter "member") 38 is composed of upper metal washer (hereinafter 

15 "washer") 39 of detecting portion and lower metal washer (hereinafter "washer") 40 
of detecting portion. Member 28 and member 35 are fixed to a base (not 
illustrated) of a measurement target via holes 51 and 53. Member 38 is fixed to a 
part (not illustrated) of the measurement target where strain may occur via hole 52 so 
as to receive a strain force of the measurement target. 

20 In the present exemplary embodiment, an external stress is applied to end 

38A of member 38 which contacts substrate 11. A reaction force acts between end 
28A of member 28 which contacts substrate 11 and end 35A of member 35 which 
contacts substrate 11. 

Next, an assembly method of the strain sensor as configured above is 

25 described. 

First, holes 12, 13, and 14 are formed by press working on a metal base 
material (not illustrated) prepared in advance. Next, glass paste (not illustrated) is 



6 

printed on the top face of the base material (not illustrated), and then the base 
material is fired at about 850 9 C for about 45 minutes to form substrate 11. 

Next, metal-glazed carbon paste is printed on the top face of substrate 11, 
and fired at about 850 e C for about 45 minutes. Elements 16, 17, 21, and 23 are 
5 formed on the top face of substrate 11. Then, silver paste is printed on positions 
where power electrode 15, first output electrode 19, second output electrode 20, 
GND electrode 22, and circuit pattern 18 are to be provided, and fired at about 850 
-C for about 45 minutes. In this way, power electrode 15, first output electrode 19, 
second output electrode 20, GND electrode 22, and circuit pattern 18 are formed. 

10 IC24 is then mounted on the top face of substrate 11. 

Next, insertion part 34 of washer 30 is inserted into hole 12 from the bottom, 
and then insertion part 32 of washer 29 is inserted into hole 12 from the top. The 
top face of contact head 33 of washer 30 is attached to the bottom face of substrate 
11, and the bottom face of contact head 31 of washer 29 is attached to the top face of 

15 substrate 11. Here, member 28 is fixed to substrate 11 by press-fitting the outer 
periphery of insertion part 32 into the inner periphery of insertion part 34. 

In this way, member 28 is fixed to substrate 11 by sandwiching and holding 
substrate 11 with washer 29 and washer 30. In this case, a force perpendicular to 
the thickness direction of substrate 11, generated by sandwiching and holding 

20 substrate 11 with washer 29 and washer 30, fixes member 28 onto substrate 11. 
Accordingly, no internal stress caused by twisting around hole 12 on substrate 11 is 
produced. Likewise, no continuous stress is applied to element 21 disposed near 
hole 12. The output signal from the strain sensor thus becomes accurate. 

Next, in the same way as member 28, member 35 composed of washer 36 

25 and washer 37 is fixed near hole 13 on substrate 11. Lastly, member 38 composed 
of washer 39 and washer 40 is fixed near hole 14 on substrate 11. 
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The operation of the strain sensor as configured and assembled above is 
described next with reference to Fig. 5, Fig. 5 is a side sectional view illustrating 
the operation state of strain sensor in the exemplary embodiment. 

When an external force is applied to member 38 from the top as indicated by 
5 an arrow in Fig. 5, substrate 11 deforms. At this time, the external force is applied 
to end 38A of member 38. On the other hand, a reaction force acts to end 28A of 
member 28 and end 35 A of member 35. A tensile stress is also applied to elements 
16 and 21, increasing resistance of elements 16 and 21. On the other hand, a 
compression stress is applied to elements 17 and 23, reducing resistance of elements 

10 17 and 23. Since a bridge circuit is formed among elements 16, 17, 21, and 23, IC 
24 outputs a potential difference between first output electrode 19 and second output 
electrode 20 as the differential voltage through connector 25. 

Here, the reaction force applied to member 28 includes a vector which 
rotates member 28 riraimferentially, and thus it is conceivable that member 28 is 

15 rotated. However, as shown in Fig. 3, washer 29 has contact head 31 which 
touches the top face of substrate 11. In addition, washer 30 has contact head 33 
which touches the bottom face of substrate 11. Still more, these contact heads 31 
and 33 are round. Accordingly, even though washer 29 rotates on the top face and 
washer 30 rotates on the bottom face of substrate 11 respectively in a circumferential 

20 direction, the positions of contact heads against substrate 11 do not deviate 
lengthwise on substrate llwith respect to washers 29 and 30. Therefore, a bending 
stress applied to element 21 provided near member 28 does not change, allowing the 
strain sensor to maintain stable output characteristic. 

In this structure, insertion part 34 of washer 30 is inserted into hole 12 on 

25 substrate 11 from the bottom, and then insertion part 32 of washer 29 is inserted into 
hole 12 from the top. Then, the top face of contact head 33 of washer 30 is attached 
to the bottom face of substrate 11. The bottom face of contact head 31 of washer 
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29 is attached to the top face of substrate 11. At this point, the outer periphery of 
insertion part 32 is press-fitted to the inner periphery of insertion part 34 so as to fix 
member 28 onto substrate 11. 

Contrary, insertion part 32 of washer 29 may be inserted into hole 12 from 
5 the bottom, and then insertion part 34 of washer 30 may be inserted into hole 12 
from the top. In this case, the top face of contact head 31 of washer 29 is touched to 
the bottom face of substrate 11, and the bottom face of contact head 33 of washer 30 
is touched to the top face of substrate 11. In this case, the inner periphery of 
insertion part 34 is press-fitted into the outer periphery of insertion part 32 so as to fix 
10 member 28 onto substrate 11. With this structure, the same effect as the structure 
previously described is achievable. The same applies to member 35 and member 
38. 

Next, another strain sensor in the exemplary embodiment of the present 
invention is described. Fig. 6 is a side sectional view of another strain sensor in the 

15 exemplary embodiment of the present invention. Fig. 7 is an exploded perspective 
view of the strain sensor before fixing a first fixing member onto a sensor substrate. 

In this structure, the first fixing member (hereinafter "member") 41 is 
composed of first upper washer (hereinafter "washer") 29 made of metal and first 
lower washer (hereinafter "washer") 42 made of metal. Washer 29 contacts the top 

20 face of substrate 11, and washer 42 contacts the bottom face of substrate 11. The 
top face of washer 42 contacts the bottom face of substrate 11. Hole 43 passing 
through from the top face to the bottom face is formed in washer 42. Member 41 
composed of washer 29 and washer 42 is fixed onto substrate 11 by press-fitting 
insertion part 32 of washer 29 into hole 43. In the same way as for member 41, 

25 second fixing member (hereinafter "member") 44 is composed of first upper washer 
(hereinafter "washer") 36 made of metal and second lower washer (hereinafter 
'"washer") 45 made of metal. Detection member (hereinafter "member") 46 is also 
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composed of upper metal washer (hereinafter "washer") 39 of detecting portion and 
lower metal washer (hereinafter "washer") 47 of detecting portion. Washers 36 and 
39 have the same structure as washer 29, and washers 45 and 47 have the same 
structure as washer 42. First fixing member 441 and member 44 are fixed to a base 
5 (not illustrated) of the measurement target via holes 61 and 63. Member 46 is fixed 
via hole 62 to a portion (not illustrated) of the measurement target where strain is 
generated. 

In this structure, insertion part 32 is provided on washer 29 and hole 43 is 
formed on washer 42; and insertion part 32 is press-fitted into hole 43. In this way, 

10 member 41 is fixed onto substrate 11. Accordingly, the entire washer 42 is 
press-fitted with washer 29. In addition, insertion part 32 of washer 29 can be 
thickened, contributing to improved strength of member 41. 

In the structure of the strain sensor as configured above, first and second 
fixing members 41 and 44, and washers 29, 36, and 39 of member 46 have insertion 

15 parts. Holes are formed on washers 42, 45, and 47 of members 41, 44, and 46. 
The insertion parts of washers 29, 36, and 39 are respectively press-fitted into holes 
on washers 42, 45, and 47. Accordingly, members 41, 44, and 46 are fixed onto 
substrate 11. Conversely, insertion parts may be provided on lower washers 42, 45, 
and 47, and holes may be provided on upper washers 29, 36, and 39. In this case, 

20 the insertion parts of washers 42, 45, and 47 are press-fitted into holes on washers 29, 
36, and 39 so as to fix members 41, 44, and 46 onto substrate 11. This structure 
also demonstrates the same effect. 

In the exemplary embodiment, all washers are made of metal of high 
mechanical strength. However, the washers can be made of other materials with 

25 high mechanical strength, such as ceramics. 

In the exemplary embodiment, the detection member is fixed to detection 
hole 14 so as to fix the detection member to the portion where strain is generated in 
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the measurement target. However, if a member for fixing substrate 11 and the 
measurement target are provided separately, such as the case of a load cell, a 
structure that applies a force directly to a position equivalent to detection hole 14 on 
substrate 11, without providing detection hole 14 and the detection member, is also 
5 applicable. 

In the exemplary embodiment, two fixing holes are provided. However, 
one fixing hole is acceptable, depending on structural design of attachment. 

INDUSTRIAL APPLICABILITY 

10 In the present invention, each fixing member is composed of an upper 

washer and lower washer, and these upper and lower washers sandwich and hold a 
sensor substrate. Accordingly, the fixing member is fixed onto the sensor substrate. 
The fixing member is secured to the sensor substrate using a force perpendicular to 
the thickness direction of the sensor substrate, which is produced by sandwiching the 

15 sensor substrate with the upper washer and lower washer. This eliminates any 
internal stress produced by twisting around the fixing hole on the sensor substrate; no 
stress thus is continuously applied to the strain-detecting element. As a result, the 
present invention offers a strain sensor that generates an accurate output signal. 



